As reported elsewhere,' the study of RNA synthesis in vitro in immature duck erythrocytes has revealed the occurrence in the nucleus of fast turning-over RNA of high molecular weight (from 2 X 106 to 107, or possibly more) and with base composition different from that of ribosomal RNA, and characterized by a high U and relatively low GC content. No relationship of precursor-to-product typeor, at any rate, not a simple one-appears to exist between this RNA and the messenger RNA fraction associated with cytoplasmic polysomes. In this paper, evidence is presented indicating that this class of nuclear RNA molecules is not exclusive of immature erythrocytes, or in general of nondividing cells undergoing differentiation, but occurs also in exponentially growing cells.
,4c/ml; 16.7 ,4c/,4M) and L-H3-lysine (0.63 Ac/ml; 8.3 Muc/,.M). to separate the nuclear from the cytoplasmic fraction; ribosomes and polysomes were isolated from the latter by a method previously described. ' (d) Extraction and analysis of RNA: Total RNA was routinely isolated by a procedure involving cold phenol-sodium dodecylsulfate extraction of total nucleic acids followed by digestion of DNA by RNase-free DNase. ' Conditions for RNA extraction from polysomes, sedimentation analysis of RNA, enzymatic tests, isotope determinations, and base composition analysis are described in detail elsewhere. ' Results.-(a) Sedimentation pattern of rapidly labeled RNA after different times of exposure of the cells to a labeled RNA precursor: After a short exposure (up to 30 min) Eo H3-or C'4-uridine or P32-orthophosphate, only a small proportion of the total radioactivity incorporated into RNA is found to be associated with the cytoplasmic fraction, under conditions of cell breakage which release into this fraction 50-70 per cent of the total RNA. This result confirms previous findings in this and other animal cell types,3-6 indicating a nuclear localization of the earliest-labeled RNA components. An analysis of the sedimentation behavior of this fast-labeled RNA shows that, after a 5-min pulse, the labeled components are distributed in the region of the sucrose gradient corresponding to S values of about 10 to 100 or possibly more, with a greater accumulation in the 30-65S region (see, e.g., top graph of Fig. 4 the large-size ribosomal RNA precursory 5 is HI-uridine was added to 900 ml of HeLa cell suspension. After 20 min, recognizable over a background of hetero-300 ml of the culture were withdrawn: geneous RNA; the small peak on the light side and actinomycin D was added to the remainder (5 pg/ml); 300-ml samples of the 45S peak in Figure 2 probably represents were taken 20 min and 60 min after the 35S RNA species, described as an inter-addition of actinomycin. Total RNA 5 6Aft was extracted from each sample and mediate in the formation of 288 RNA.l After analyzed in a sucrose gradient. the first hour's incubation, while the labeling of the 45S peak and of the heavier components in the gradient does not appreciably increase, there is a progressive accumulation of radioactivity in the two ribosomal RNA components. All the labeled material in the gradient is RNase-sensitive.
The radioactivity recovered in RNA after a 30-min H3-uridine pulse accounts for 40-50 per cent of the total label incorporated by the cells into acid-precipitable, alkali-sensitive products. A hot phenol extraction7 of the insoluble residue remaining after cold phenol extraction yields additional labeled material (15-20 %), forming a 45S peak with small amounts of heavier components.
(b) Fate of rapidly labeled RNA: The fate of the early-labeled RNA was investigated by blocking further RNA synthesis with the antibiotic actinomycin D. After addition of this drug, about 35 per cent of the total radioactivity incorporated during a 20-or 30-min exposure to C'4-uridine becomes acid-soluble on further incubation in the presence of the antibiotic, with a half life of about 10 min (Fig. 1) , as already observed by Scherrer et al. 5 The decay after actinomycin is apparently less pronounced (-415%) after a 10-min pulse: this may be due, at least in part, to the compensatory effect of the continuing incorporation of label into the terminal cytidylic acid residues in sRNA.8 This labeling accounts also, presumably, for the slow rise in the incorporated radioactivity which follows the initial decay. Figure 2 shows that after 60 min actinomycin treatment, the bulk of the heavy RNA components (>28S) labeled in a 20-min pulse have disappeared, and there has been a transfer of a part of the radioactivity to the 28S and 18S RNA.
(c) P32-nucleotide composition of fast-labeled nuclear RNA: The "apparent" base composition of various fractions of P32-labeled RNA was determined by measuring the p32 in the 2',3'-nucleotides isolated by Dowex 1-X8 chromatography9 after alkaline hydrolysis.10 Almost all radioactivity was found to be associated with the four main 2',3'-nucleotides. As appears in Table 1 , the heaviest RNA components (>70S) have a base composition characterized by high U and relatively low GC content, which differs from that of DNA in that there is a lower A level. The components sedimenting in the region 30-50S, after relatively long pulses (30 min), have base ratios similar to those expected for ribosomal RNA precursors consisting of equimolar amounts of 28S and 18S sequences; after shorter pulses (5-15 min), the base composition of the 30-50S componenits resembles less the ribosomal type and tends to be closer to the high U type, the more so the shorter the exposure to the label. Finally, the labeled components in the intermediate portion of the sedimentation pattern (50-70S) and, less clearly, the slower-sedimenting material (3-30S) have a base composition which corresponds to that expected for to the high U type, with a relatively small contribution of the ribosomal-like RNA in the 30-70S region. After a 30-min pulse, a prominent ribosomal-type peak can be seen sedimenting at 45S; this is undoubtedly the large-size ribosomal RNA precursor. After 60 min actinomycin treatment, the radioactivity incorporated in a 30-min pulse which pertains to the ribosomal RNA precursors is substantially conserved and transferred to the mature ribosomal RNA species (see also Table 1), whereas there is a marked reduction (--45%7) of the heavier high U-containing RNA species. This suggests strongly that the fraction of 30-min pulse-labeled RNA labile after actinomycin treatment is in its majority high U-type RNA.
(d) Significance of the high sedimentation constants of the heavy nonribosomal-type RNA components: Several lines of evidence tend to exclude that the heavy high U-containing RNA components detected in the present study result from aggregation of smaller molecules by divalent cations, by residual DNA or protein, or by hydrogen bonds. Thus, the presence of 10-3 to 10-2 M EDTA during extraction or sedimentation analysis did not affect in the least their sedimentation properties. An aggregation by DNA seems unlikely in view of the fact that the RNA extraction procedure used here involved a DNase digestion step; in addition, a second treatment with DNase (10 Ag/ml, 20 min, 250C) of the heavy components (>60S), isolated by sucrose gradient centrifugation of total RNA, had no effect on their sedimentation behavior (Fig. 5) , while making 99 per cent acid-soluble a tritiated DNA marker.
The introduction of three additional phenol extractions or the use, for deproteinization, of chloroform-phenol mixtures at room temperature' did not cause any change in the sedimentation profile of the total RNA.
In cells which had been labeled to a high specific activity with H'-leucine and H3-lysine, and then pulse-labeled with C'4-uridine, no labeled protein or amino acids were detected in association with the heaviest RNA components From the expected specific activity in the cell protein of the labeled amino acids used, and from the theoretical maximum specific activity of uridine in the intracellular pool, it can be calculated that the presence of a polypeptide 12,000 in mol wt, containing 17 per cent of residues as leucine + lysine (as in the average HeLa cell protein2), per polynucleotide chain of 2.5 X106 mol wt could have been detected here.
Sedimentation analysis of the heaviest labeled components (S > 80) in 0.01 M tris buffer, 0.001 M EDTA, pH 7.4, revealed a 30-40 per cent reduction in their sedimentation rate, in comparison to that observed in 0.10 M salt, as expected for single-stranded RNA. In order to examine whether the heaviest RNA molecules consist of shorter chains held together by hydrogen bonds, the effect of thermal denaturation on their sedimentation properties was investigated. RNA components sedimenting with S >80 in 0.10 M salt were heated, in the presence of 28S RNA marker, in 0.10 M NaCl, 0.01 M Na citrate for 5 min at 80'C (which is well above the denaturation temperature in this solvent for an RNA of the same GC content as that found here4' 15), quickly cooled, and thein rerun in sucrose gradient in the same buffer. After this treatment, their sedimentation rate appeared to be reduced with respect to the 28S marker; a broad band centered around 50S was observed, with components sedimenting as fast as 65S and possibly faster, which were represented, presumably, by continuous polynucleotide chains (Fig. 6) .
(e) Analysis of cytoplasmic messenger RNA fraction: A preliminary investigation was carried out on the possible relationship between heavy high U-containing nu- the bulk accumulated in the region 6-15S. As is shown in Table 2 , the cytoplasmic messenger RNA isolated after 20-25-, and 30-min pulses (this work), and after 45-min pulse (Penman et al.16) , is not only clearly distinct from ribosomal RNA, but also reveals consistent differences in base ratios (especially U/A and A/G) from the heavy, high U-containing nuclear RNA. Discussion.-The main result of this paper has been the demonstration of the occurrence in HeLa cells of a class of fast-labeled RNA molecules which had not been hitherto recognized in these cells. The fact that this heterogeneous, high U-containing RNA had not been found in the earlier studies by Scherrer et al.5 may be due to their use of the hot phenol extraction procedure or to other technical differences. This class of RNA molecules has been found also in nondividing immature duck erythrocytes,' suggesting that it is of general occurrence in animal cells. A heavy (--50S) DNA-like RNA component has been reported in growing FL cells,'7 but it is not clear, because of the marked difference in the A content, whether it is related to that studied here. The same holds for the DNA-like RNA fractions described in other animal cells.2' 18-20 The RNA detected in the present work appears to be confined to the nucleus and is characterized by a nonribosomal type of base ratios, with high U and relatively low GC content, and by a great heterogeneity in size, with estimated sedimentation constants ranging between about 10S and more than lOOS. The inequality of A and U and of G and C and the dependence of the sedimentation rate on ionic strength indicate that these molecules are single-stranded. All the evidence accumulated in the present work along a variety of lines supports the conclusion that the high sedimentation constants of the bulk of these molecules are a reflection of their large size. By using Spirin's equation'4 for conversion of S values to mol wt, the heaviest nonribosomal-type RNA molecules detected here after thermal denaturation (50-65S) can be estimated to have a mol wt as high as 6 X 106 to 107. Whether the more rapidly sedimenting components found in nonheated preparations (S > 70) are aggregates, or represent, on the contrary, even larger molecules, which can be dissociated by heating into shorter chains, because of the existence of hidden breaks, remains to be established.
After actinomycin treatment, an appreciable fraction of the rapidly labeled RNA is degraded to acid-soluble products, as previously reported by others,5' 21 and the evidence obtained in this work suggests that a major portion, if not all, of this labile fraction is represented by the high U-containing heavy nuclear RNA.
In duck erythrocytes maintained in vitro, the lability of this type of RNA could be demonstrated under conditions which did not involve the use of actinomycin, a drug for which various side effects have been described. It is therefore likely that, also in HeLa cells, the decay occurring after actinomycin treatment reflects a physiological turnover of a labile fraction. In agreement with this conclusion is the observation that the high U-containing nuclear RNA does not accumulate in the cell. Quantitatively, it appears that the synthesis of this type of RNA represents a major portion of the total RNA synthesis in both growing and nongrowing cells.
The difference in size and base composition detected in the present work between this RNA and the cytoplasmic messenger RNA and the reported observations concerning the half life of HeLa cell polysomes,16 which appears to be considerably longer than that of the heavy nuclear RNA, suggest that there is no relationship, or at least no simple relationship of precursor-to-product type, between the two RNA classes. More work will be necessary to exclude any role of high U-containing nuclear RNA in transfer of information to cytoplasm, and to test the alternative possibilities that it may be involved in some nuclear messenger activity or in some other function not directly connected with protein synthesis.
